SEMICONDUCTOR DEVICE HAVING BOTH MEMORY 
AND LOGIC CIRCUIT AND ITS MANUFACTURE 



This application is based on Japanese patent application HEI 10-281699 
filed on October 2, 1998, the whole contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

The present invention relates to a semiconductor device and its 
manufacture method, and more particularly to a semiconductor device having memory 
eels and logic circuits both formed on the same substrate, and its manufacture method. 

b) Description of the Related Art 

In a semiconductor device formed with both dynamic random access 
memories (DRAM) and logic circuits, a metal silicide film is formed on the source/drain 
regions and gate electrode of a MISFET in a the logic circuit area in order to improve the 
performance of logic circuits. 

In order to improve the data storage characteristics of memory cells of a 
semiconductor device such as DRAM, it is desired to reduce junction leak current of 
source/drain regions. If a metal silicide film is formed on the source/ drain regions, the 
junction leak current increases (refer to The 178-th Meeting, the Electro-chemical Society, 
pp. 2 18 to 220). Therefore, the metal silicide film is not formed generally during 
manufacture processes of DRAM. 

In a semiconductor device formed with both DRAM and logic circuits, it is 
desired that a metal silicide film is not formed in the DRAM area but it is formed only in 
the logic circuit area. 



In the DRAM area, the gate electrode of MSFET constituting a memory 
cell is generally formed integrally with a word line. In order to lower the resistance of 
the word line made of polysilicon or the like, it is desired to dope impurities at a high 
concentration. In the logic circuit area, however, a proper impurity concentration is 
determined from the threshold value or the like of MSFET. Therefore, the optimum 
impurity concentrations of the gate electrodes in the memory cell area andlogic circuit 
area are not always coincident. 

A precision of an electrostatic capacitance value of a capacitor in an analog 
circuit in the logic circuit area is desired to be made higher. From this reason, generally 
a three-layer structure of a polysilicon film / a silicon oxide film / a polysilicon film is used. 
In order to reduce the voltage dependency of a capacitor, it is preferable to make the 
polysilicon film have a high impurity concentration. In order to suppress an increase hi 
a manufacture cost, it is desired to suppress as much as possible an increase in the 
number of manufacture processes necessary for forming a polysilicon film of a high 
impurity concentration. 

A method is known by which after only the memory cell area is formed, the 
logic circuit area is formed. If a bit line is disposed under the ceU plate which is used as 
a common electrode of capacitors constituting memory cells, it is necessary that the front 
end of the bit line protrudes from the boarder of the cell plate in order to electrically 
connect the bit line and a wiring pattern in the logic circuit area. A process of removing 
an interlayer insulating film depositedin the logic circuit and a process of patterning a 
ceU plate are therefore required to be executed separately when memory cells are formed. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a semiconductor device 
audits manufacture method capable of improving the electric characteristics of a logic 



circuit area while the data storage characteristics of memory cells are maintained good. 

It is another object of the present invention to provide a semiconductor 
device formed with both DRAM and memory circuits and its manufacture method, 
capable of forrning capacitors in the logic circuit area while an increase in the number of 
5 manufacture processes is suppressed. 

It is a further object of the invention to provide a semiconductor device and 
its manufacture method capable of electrically connecting a bit line in the memory cell 
area to a wiring pattern in the logic circuit area while an increase in the number of 
manufacture processes is suppressed when only the memory cell area is formed before 
1 0 the logic circuit area is formed. 

According to one aspect of the present invention, there is provided a 
method of manufacturing a semiconductor device comprising the steps of: preparing a 
semiconductor substrate having a memory cell area and a logic circuit area defined on a 
principal surface of the semiconductor substrate; forrning a gate insulating film on the 
1 5 principal surface of the semiconductor substrate; forming a silicon film on the gate 

msulating film; doping impurities into the silicon film to make a region of the silicon film 
in the memory cell area have a first impurity concentration and to make a region of the 
silicon film in the logic circuit area have a second impurity concentration lower than the 
first impurity concentration; patterning the silicon film to leave word lines having the 
2 0 first impurity concentration and serving as gate electrodes in the memory cell area and to 
leave gate electrodes having the second impurity concentration in the logic circuit area; 
and forming source/drain regions of MISFET's in a surface layer of the semiconductor 
substrate by doping impurities into regions on both sides of each word line in the memory 
cell area and into regions on both sides of each gate electrode in the logic circuit. 
2 5 Since the impurity concentration of word lines in the memory cell area is 

relatively high, the resistance of the word line can be lowered. Since the impurity 

3 . 



concentration of gate electrodes of MISFET's in the logic circuit area is relatively low, the 
electrical characteristics of MISFET's can be improved- 
According to another aspect of the present invention, there is provided a 
semiconductor device comprising: a semiconductor substrate having a memory cell area 

5 and a logic circuit area defined on a principal surface of the semiconductor substrate; a 
plurality of memory cells disposed in the memory cell area of the semiconductor substrate, 
each memory cell including a first MISFET and a capacitor, and a gate electrode of each 
first MISFET having a first impurity concentration; and a plurality of second MISFET's 
disposed in the logic circuit area of the semiconductor substrate, each second MISFET 

1 0 having a conductivity type same as a conductivity type of the first MISFET and a gate 
electrode of each second MISFET having a second impurity concentration lower than the 
first impurity concentration. 

Since the impurity concentration of gate electrodes of MISFET's in the 
memory cell area is relatively high, the resistance of the word line serving also as the gate 

1 5 electrode can be lowered. Since the impurity concentration of gate electrodes of 
MISFET's in the logic circuit area is relatively low, the electrical characteristics of 
MISFET's can be improved. 

According to another aspect of the present invention, there is provided a 
method of manufacturing a semiconductor device comprising the steps of: preparing a 

2 0 semiconductor substrate having a memory cell area and a logic circuit area defined on a 
principal surface of the semiconductor substrate; forming an element separation 
structure made of insulating material in a partial area of the principal surface of the 
semiconductor substrate to define active regions; forming first gate insulating films in 
areas of the principal surface of the semiconductor substrate where the element 

2 5 separation structure is not formed; foiming a first conductive film covering the element 
separation structure and the first gate insulating films; removing the first conductive film 
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in the memory cell area; forming a capacitor dielectric film on a surface of the first 
conductive film; forming a second conductive film on the capacitor dielectric film and on 
the semiconductor substrate; patterning the second conductive film to leave an upper 
electrode over the element separation structure and to lave a plurality of word lines 
5 serving as gate electrodes in the memory cell area; and patterning the capacitor dielectric 
film and the first conductive film to leave a lower electrode made of the first conductive 
film, in which the lower electrode is left in a shape inclusive of the upper electrode as 
viewed along a direction normal to the semiconductor substrate, a gate electrode made of 
the first conductive film is left over the active region in the logic circuit area, and the~ 

=1 0 capacitor dielectric filrn is left between the upper and lower electrodes. 

The upper electrode of capacitors and the word lines are formed at the 

~ same time, and the lower electrodes and the gate electrodes in the logic circuit area are 
formed at the same time. It is therefore possible to form capacitors while an increase in 

~ the number of manufacture processes is suppressed. 

" 1 5 According to another aspect of the present invention, there is provided a 

semiconductor device comprising: a semiconductor substrate having a memory cell area 
and a logic circuit area defined on a principal surface of the semiconductor substrate, and 
element separation structures formed on surfaces of the logic circuit area and the 
memory cell area; a plurality of memory cells disposed on the semiconductor substrate in 

2 0 the memory cell area, each memory cell including a first MISFET and a capacitor and a 
gage electrode of the first MISFET having a first structure; a plurality of second 
MISFET's disposed on the semiconductor surface in the logic circuit area, each second 
MISFET having a same conductivity type as a conductivity type of the first MISFET and 
a gate of the second MISFET having a second structure; and a capacitor disposed on the 

2 5 element separation structure in the logic circuit area, the capacitor having a lower 
electrode, a capacitor dielectric film, and an upper electrode stacked in this order, 



wherein the upper electrode has the first structure and the lower electrode has the second 
structure. 

According to another aspect of the present invention, there is provided a 
semiconductor device comprising: MISFET's formed on a surface of a semiconductor 
5 substrate, each MISFET including source/drain regions and a gate electrode disposed 
above a channel region between the source/drain regions; a cover insulating film made of 
insulating material and covering an upper and side surfaces of the gate electrode; a 
conductive pad disposed covering a corresponding upper surface of the source/drain 
regions and corresponding side surfaces of the cover insulating films; an interlayer 
10 msulating film disposed over the semiconductor substrate and covering the pad and the 
S MISFET's; a contact hole formed in the interlayer insulating film at a position included 

by the pad as viewed along a direction normal to the semiconductor substrate; and a 
/ capacitor formed on the interlayer insulating film, one electrode of the capacitor being 
Z- connected via the contact hole to the pad. 
1 5 When the contact hole is formed, the pad is exposed and the underlying 

source/drain regions are not exposed. Since the source/drain regions are not exposed to 
the etching atmosphere of etching the interlayer insulating film, damages to the 
source/drain regions can be avoided. 

According to another aspect of the present invention, there is provided a 
2 0 method of manufacturing a semiconductor substrate comprising the steps of: preparing a 
semiconductor substrate having a memory cell area and a logic drcuit area defined on a 
principal surface of the semiconductor substrate; forming a DRAM circuit on the 
semiconductor substrate in the memory cell area, wherein the DRAM circuit includes a 
plurality of memory cells and bit lines, each memory cell has a pair of MISFET and 
2 5 capacitor, one electrode of the cap acitor is connected to one region of source/drain regions 
of a corresponding MISFET, the bit line interconnects the other regions of source/drain 



regions of MISFET's of some memory cells, the bit line extends near to a boarder line 
between trie memory cell area and the logic circuit area, the other opposing electrode of 
the capacitor is disposed on a layer higher than the bit line and connected to a plurality of 
capacitors, a first insulating film electrically insulates the bit lines and MISFET's, a 
second insulating film electrically insulates the bit lines and capacitors, and the opposing 
electrode and first and second insulating films are also disposed in the logic circuit area; 
covering a surface of the opposing electrode in the memory cell area with a resist pattern, 
wherein a boarder of the resist pattern is positioned apart from a front end of the bit lines 
toward the logic circuit area; isotropically etching the opposing electrode to remove the 
opposing electrode in the logic circuit area, by using the resist pattern as a mask, wherein 
the opposing electrode in the logic circuit area is also side-etched until a border of the 
opposing electrode retracts from the front end of the bit line; etching and removing the 
first and second interlayer insulating films in the logic circuit area by using the resist 
pattern as a mask; covering a whole surface of the semiconductor substrate with a third 
interlayer insulating film; forming a contact hole in the third and second interlayer 
insulating films, the contact hole being formed at a position away from the boarder of the 
opposing electrode toward the logic circuit area and exposing a partial upper surface of 
the bit line; and forming a wiring on the third insulating film, the wiring being connected 
via the contact hole to the bit line and extending in the logic circuit area. 

Since the opposing electrode is side-etched through isotropic etching, the 
boarder of the opposing electrode can be retracted from the boarder line between the logic 
circuit area and memory cell area. It is therefore easy to connect the wiring in the logic 
circuit area to the bit line. 

According to another aspect of the present invention, there is provided a 
semiconductor device comprising: a semiconductor substrate having a memory cell area 
and a logic circuit area defined on a principal surface of the semiconductor substrate; an 



element separation structure formed on the semiconductor substrate in a boarder area 
between the memory cell area and the logic circuit area; an interconnect wiring disposed 
on the element separation structure; a DRAM circuit formed on the semiconductor 
substrate in the memory cell area, wherein the DRAM circuit includes a plurality of 
5 memory cells and bit lines, each memory cell has a pair of MISFET and capacitor, one 
electrode of the capacitor is connected to one region of source/drain regions of a 
corresponding MISFET, the bit line interconnects the other regions of source/drain 
regions of MISFET's of some memory cells, the bit line extends near to a boarder line 
between the memory ceE area and the logic circuit area, and the bit line is disposed on a 

1 0 layer higher than the interconnect wiring and connected thereto; an interlayer insulating 
film covering the DRAM circuit and the logic circuit area; a contact hole formed through 
the interlayer insulating film, a bottom of the contact hole being a partial upper surface of 
the interconnect wiring; and an upper wiring disposed on the interlayer insulating film, 
the upper wiring being connected via the contact hole to the interconnect wiring and 

1 5 extending in the logic circuit area. 

Although the boarder of the opposing electrode is generally flush with the 
boarder line between the logic circuit area and memory ceE area, the interconnect wiring 
connected to the bit line extends to the logic circuit area. By connecting the wiring in the 
logic circuit area to the interconnect wiring, the wiring in the logic circuit area can be 

2 0 connected to the bit line. 

As above, in DRAM mixed with logic circuits, the impurity concentrations 
of gate electrodes of MISFET's in the memory ceE area and logic circuit area are set to 
proper values so that both the data storage characteristics of DRAM and the electrical 
characteristics of logic circuits can be improved. 

2 5 The lower electrode of a capacitor in the logic circuit area and the gate 

electrode of MISFET in the logic circuit area are formed at the same time, and the upper 



electrode and the word line in the memory cell area are formed at the same time. It is 
therefore possible to suppress an increase in the number of manufacture processes. 

The opposing electrode in the memory cell area is isotropically etched to 
retract the boarder of the opposing electrode from the boarder line between the memory 
cell area and logic circuit area. It is therefore unnecessary to use a photomask for 
defining the boarder of the opposing electrode. 

The wiring in the logic circuit area is connected to the bit line in the 
memory cell area via the interconnect wiring disposed on the element separation 
structure formed on a boarder area between the logic circuit area and memory cell area. 
By making the interconnect wiring extend away from the boarder of the opposing 
electrode in the memory cell area toward the logic circuit area, it becomes easy to connect 
the wiring in the logic circuit area to the interconnect wiring. 

DESCRIPTION OF THE DRAWINGS 

Figs. 1A to II are cross sectional views of a substrate illustrating a method 
of manufacturing a semiconductor device according to a first embodiment of the 
invention. 

Fig. 2A is a graph showing a relation between an impurity dose in a gate 
electrode and a drain current of MISFET, and Fig. 2Ais a graph showing a relation 
between an impurity dose in a gate electrode and a sheet resistance. 

Figs. 3A to 3E are cross sectional views of a substrate illustrating a method 
of manufacturing a semiconductor device according to a second embodiment of the 
invention. 

Figs. 4A to 4F are cross sectional views of a substrate illustrating a method 
of manufacturing a semiconductor device according to a third embodiment of the 
invention. 



Figs. 5A and 5B are cross sectional views of a substrate illustrating a 
method of manufacturing a semiconductor device according to a fourth embodiment of 
the invention. 

Figs. 6A and 6B are cross sectional views of a substrate illustrating a 
5 method of manufacturing a semiconductor device according to a fifth embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With reference to Figs. 1A to II and Figs. 2A and 2B, the first embodiment 
10 of the invention will be described. Figs. 1 A and II are cross sectional views of a 

substrate illustrating a method of manufacturing a semiconductor device according to the 
fifth embodiment. In each drawing, the left side of a cut portion shows a memory cell 
area, and the right side shows an n-channel MISFET forming area in the logic circuit 
area. 

L 5 Processes up to the process illustrated in Fig. 1A will be described first. 

On the surface of a p-type silicon substrate 1, element separation structures 2 of a 
shallow trench type are formed by a well-known method. The element separation 
structures 2 define an active region 3 in the memory cell array area and an active region 
4 in the logic circuit area. On the surfaces of the active regions 3 and 4, gate oxide films 

20 7 of Si0 2 are formed to a thickness of 5 to 10 nm through thermal oxidation. A 

polysilicon film 8 is deposited to a thickness of 100 to 250 nm, covering the gate oxide film 
7. For example, the polysilicon film 8 is deposited through chemical vapor deposition 
(CVD) using SiH 4 . 

The polysilicon film 8 is subject to a first phosphorous (P) ion implantation 
2 5 under the conditions of an acceleration energy of 10 to 30 keV and a dose of 3 to 6 x 
10 15 cm" 2 . In this case, the p-channel MISFET forming area (not shown) in the logic 



circuit area is covered with a resist pattern. 

As shown in Fig. IB, the surface of the polysilicon film 8 in the logic circuit 
area is covered with a resist pattern 5. The polysilicon film 8 in the memory cell area is 
subject to a second P ion implantation under the conditions of an acceleration energy of 
5 10 to 30 keV and a dose of 5 to 8 x 10 13 cm" 2 . After this ion implantation, the resist 
pattern 5 is removed. 

As shown in Fig. 1C, the polysilicon film 8 is patterned to leave a plurality 
of word lines 8a in the memory cell area and gate electrodes 8b in the logic circuit. For 
example, the polysilicon film 8 is etched through reactive ion etching (REE) using a- 

10 mixture gas of Cl 2 and 0 2 . The word line 8a extends vertically relative to the surface of 
the drawing sheet. Two word lines 8a traverse on one active region 3. The word lines 
8a are also formed on the element separation structures 2 on both sides of the active 
region 3. The word lines 8a on the active region 3 also serve as the gate electrodes of 
MISFET's to be formed in the active region 3. 

15 By using the word lines 8a and gate electrode 8b as a mask, impurity ions 

are implanted. P ions are implanted in the MISFET forming area in the memory cell 
area under the conditions of an acceleration energy of 10 to 30 keV and a dose of 1 to 5 x 
10 13 cm' 2 . P ions are implanted in the n-channel MISFET fonning area in the logic circuit 
area under the conditions of an acceleration energy of 5 to 30 keV and a dose of 1 to 5 x 

2 0 10 13 cm' 2 , and then As ions are doped in the same area under the conditions of an 
acceleration energy of 5 to 30 keV and a dose of 1 to 50 x 10 13 cm' 2 . With these ion 
implantation processes, source/drain regions 9a of MISFET's are formed in the memory 
cell area, and low concentration regions 9b of the source/drain regions of a lightly doped 
drain (LDD) structure are formed in the logic circuit area. 

25 A high performance MISFET can be formed in the logic circuit area by 

doping As in the low concentration region 9b of MISFET. The source/drain regions 9a 



of MISFET in the memory cell area are doped with only P without doping As, so that 
DRAM having a reduced leak current and good refresh characteristics can be formed. 

Processes up to the process illustrated in Fig. ID wiH be described. An Si0 2 
film is deposited to a thickness of 80 to 120 nm over the substrate whole surface. For 
5 example, the Si0 2 film is deposited through CVD using SiH 4 and 0 2 . The memory cell 
area is covered with a resist pattern 1 1 to anisotropically etch the Si0 2 in the logic circuit 
area. Side wall insulating films 10b are therefore left on the side walls of the gate 
electrode in the logic circuit area, and an Si0 2 film 10a is left in the memory cell area. 

Next, ion implantation processes are performed to form source/drain 

1 0 regions in the logic circuit area. As ions are implanted in the n-channel MISFET 

forming area under the conditions of an acceleration energy of 30 to 40 keV and a dose of 
2 to 4 x 10 15 cm' 2 , and boron (B) ions are implanted in the p-channel MISFET forming area 
under the conditions of an acceleration energy of 5 to 15 keV and a dose of 2 to 4 x 10 15 cm" 
2 . During both the ion implantation processes, the memory eel area is covered with the 

1 5 resist pattern. With these ion implantation processes, high concentration regions 12b of 
source/drain regions of the LDD structure are formed. After these ion implantation 
processes, a natural oxide film on the silicon surface is removed by using hydrofluoric 
acid. 

As shown in Fig. IE, cobalt suicide (CoSij) films 15 are formed on the 
2 0 surfaces of the gate electrode 8b and high concentration regions 12b . A method of 
forming the CoSi 2 film will be described in the following. First, a Co film is deposited 
through sputtering or the like, covering the whole surface of the substrate. A first 
thermal annealing is performed at a substrate temperature of 450 to 500°C, and 
thereafter a second thermal annealing is performed at a substrate temperature of 800 to 
2 5 900°C. A suicide reaction is therefore performed between the silicon surface and CO film 
to thereby form the CoSij film 15. The Co film without the silicide reaction is removed by 

12 



using hydrofluoric acid. In this manner, the CoSi 2 film 15 can be formed in a self- 
alignment manner only on the silicon exposed surface. 

Since the surfaces of the source/dram regions 9a and word lines 8a in the 
memory cell area are covered with the Si0 2 film 10a, the suicide reaction will not occur in 
5 these areas. Since the high concentration regions 12b of the source/drain regions in the 
logic circuit area are in contact with the Co film, the silicide reaction occurs at the 
interface therebetween. Other metals different from Co may be used which form a 
metal silicide through a silicide reaction with Si, such as Ti. 

As shown in Fig. IF, a borophosphosilicate glass (BPSG) film 18 is - 

1 0 deposited to a thickness of 800 to 1200 nm, covering the whole surface of the substrate. 
For example, the BPSG film 18 is deposited through CVD using a mixture gas of SiH 4 , 
B 2 H6, 0 2 , and PH 3 as source gases. A thermal annealing is performed at a substrate 
temperature of 700 to 850 °C, and thereafter the surface of the BPSG film is planarized 
through chemical mechanical polishing (CMP). 

15 A contact hole 19 is formed exposing the surface of the source/drain region 

9a at the center of the active region 3, by etching the BPSG film 18 through EIE using a 
mixture gas of CF 4 and CHF 3 . A bit line 20 is formed which is connected to the central 
source/drain region 9 a via the contact hole 19. The bit line 20 extends along a direction 
perpendicular to the word line 82, in the area other than the cross sectional view of Fig. 

20 IF. 

A method of forming the bit line 20 will be described in the following. A 50 
nm thick polysdlicon film doped with P and a 100 nm thick tungsten silicide (WSi) film 
are deposited covering the whole surface of the substrate. The polysilicon film is 
deposited through CVD using SiH 5 as source gas, and the WSi film is deposited through 
2 5 CVD using WF 6 and SiH 4 as source gases. Prior to deposition of the polysilicon film, a 
natural oxide film formed on the bottom of the contact hole 19 may be removed by using 
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hydrofluoric acid. 

The polysilicon film and WSi film are patterned to form the bit line 20. The 
polysilicon film and WSi film are etched through REE using Cl 2 and 0 2 . 

As shown in Fig. 1G, a BPSG film 23 is deposited to a thickness of 800 to 
5 1200 nm, covering the whole surface of the substrate. A thermal annealing is performed 
at a substrate temperature of 700 to 850 °C, and thereafter the surface of the BPSG film 
23 is planarized through CMP. 

Contact holes 24 are formed exposing the surfaces of the source/drain 
regions 9a on both sides the central source/drain region 9a in the active region 3. 
1 0 Storage electrodes 25 are formed which is connected to the source/drain regions 9a via the 
corresponding contact holes 24. The storage electrode 25 is formed by depositing a 
polysilicon film doped with P to a thickness of 300 to 800 nm and thereafter patterning 

this film 

As shown in Fig. 1H, a silicon nitride (SiN) film is deposited to a thickness 
15 of 3 to 5 nm, covering the whole surface of the substrate. This SiN film is thermally 
oxidized at a temperature of 700 to 800 °C to form a capacitor dielectric film 28 made of 
SiON. An opposing electrode 29 made of polysilicon doped with P and having a 
thickness of 100 nm is formed covering the capacitor dielectric film 28. The dielectric 
film 28 and opposing electrode 29 in an area different from the memory cell array area 
20 are removed. This two-layer etching is performed through RTE using Cl 2 and 0 2 . 

As shown in Fig. II, a BPSG film 30 is deposited to a thickness of 1000 to 
1500 nm, covering the whole surface of the substrate. Contact holes 32 are formed 
exposing a partial surface area of the opposing electrode 29 and a partial surface area of 
the CoSi 2 film 15 in the logic circuit area. Although not shown in Fig. II, a contact hole 
2 5 exposing a partial surface area of the bit line 20 is formed at the same time. 

The inside of the contact hole 32 is embedded with a W plug 35 . A method 
14 



of forming the W plug 35 will be described in the following. First, a barrier metal layer 
is deposited by sputtering. For example, the barrier layer has a two-layer structure of a 
Ti film and a TiN film. A W film is deposited through CVD to a thickness of 300 to 500 
nm on the barrier metal layer to fill the inside of the contact hole 32 with W. 
5 Unnecessary W film and barrier metal layer are removed by CMP to leave only the W 
plug 35 in the contact hole 32. 

A wiring pattern 40 is formed on the BPSG film 30. The wiring pattern 
has a lamination structure constituted of a barrier metal layer, an aluminum (Al) film, 
and an antireflection film. For example, the antireflection film is made of TiN. 

10 An SiO s film 41 is deposited on the BPSG film 30, covering the wiring 

pattern 40. For example, the Si0 2 film 41 is deposited through CVD using high density 
plasma. A contact hole is formed in the SiO a film 41 and the inside of the contact hole is 
embedded with a W plug 42. A wiring pattern 43 is formed on the surface of the Si0 2 
film 41, and an Si0 2 film 44 is deposited covering the wiring pattern 43. 

15 A cover film 45 is deposited covering the Si0 2 film. The cover film 45 has 

a two-layer structure constituted of an SiO a film and an SiN film both formed through 
plasma CVD. 

In the first embodiment described above, the first ion implantation 
illustrated in Fig. 1A and the second ion implantation illustrated in Fig. IB are 
2 0 performed for the gate electrode of MISFET in the memory cell area, i.e., word line 8a. 
Only the first ion implantation illustrated in Fig. 1A is performed for the gate electrode 
8b of n-channel MISFET in the logic circuit area. 

The gate electrodes and word lines are used as a mask in the ion 
implantation process for the source/drain regions described with reference to Figs. 1C and 
25 ID. In this case, impurities are additionally implanted into the word lines 8a and gate 
electrodes 8b. By taking into consideration this additional ion dose, the doses of the first 
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and second ion implantation processes are properly selected so that the impurity 
concentrations in the gate electrodes of MISFET's in the memory cell area and logic 
circuit area can be within adequate ranges. 

In the first embodiment described above, the first ion implantation 
5 illustrated in Fig. 1A is performed for both of the memory cell area and the logic circuit 
area. At the step of the second ion implantation illustrated in Fig. IB, ion implantation 
may be performed at a dose of 8 to 15 x 10 16 cm" 2 without the first ion implantation. In this 
case, ion implantation for the gate electrode 8b is performed at a same time when ion 
implantation for a source/drain region of MISFET in the logic circuit area. 

1 0 Fig. 2A is a graph showing a relation between an impurity dose in a gate 

electrode and a drain current when a voltage 2.5 V is applied to the gate electrode. The 
abscissa represents an impurity dose in the gate electrode in the unit of "x I0 15 cm' 2 ", and 
the ordinate represents a drain current represented by a value relative to 100 which is 
the largest drain current among samples used. The thickness of the gate electrode was 

15 set to 180 nm, implanted impurities were P, and the acceleration energy of ion 

implantation was set to 20 keV. The impurity dose in the channel region was adjusted 
so that the threshold voltage became 0.45 V. 

A largest drain current is obtained at about the impurity dose of 4 x 10 15 cm" 
2 . At the impurity does larger than this, the drain current reduces. This is because it is 

2 0 necessary to raise the impurity concentration of the channel region as the impurity 

concentration of the gate electrode increases, in order to prevent the threshold value from 
being lowered. If the impurity concentration of the gate electrode is too low, the gate 
electrode is depleted and the characteristics of MISFET are degraded. It is therefore 
preferable to set the impurity concentration of the gate electrode to about 4 x 10 15 cm' 2 . 

2 5 Fig. 2B is a graph showing a relation between an impurity dose in the gate 

electrode and a sheet resistance of the gate electrode. The abscissa represents an 



impurity dose in the gate electrode in the unit of "x 10 15 cm' 2 ", and the ordinate represents 
a sheet resistance in the unit of "Q/D". The gate electrode thickness, implanted 
impurities, and acceleration energy were the same as those used for the graph of Fig. 2 A. 
A sheet resistance of a word line of DRAM is generally 80 Q/dor lower. In order to 
5 satisfy this requirement, the impurity dose in the gate electrode is set to about 1 x 
10 16 cm- 2 . 

It can be understood from the comparison between Figs. 2A and 2B that 
the impurity dose necessary for the gate electrode in the logic circuit area is different from 
that necessary for the gate electrode in the memory cell area. By performing the first 
"1 0 ion implantation for the entire polysilicon film 8 and the second ion implantation only for 
the polysilicon film 8 in the memory cell area, as in the first embodiment, proper 
impurities can be implanted for the gate electrodes both in the logic circuit area and 
memory cell area. 

Also in the first embodiment, the memory cell area is covered with the Si0 2 
1 5 film 10a during the silicide reaction process illustrated in Fig. IE. It is therefore possible 
to prevent a metal silicide from being formed on the surfaces of the source/drain regions 
in the memory cell area. The good data storage characteristics can therefore be realized. 

Next, with reference to Figs. 3A to 3F, the second embodiment will be 
described. In the second embodiment, capacitors are formed in the logic circuit area. 
2 0 In each drawing, the right side of a cut portion shows a memory cell area, and the left 
side shows a logic circuit area. 

Processes up to the process illustrated in Fig. 3A will be described first. 
On the surface of a p-type silicon substrate 50, element separation structures 51 are 
formed to define active regions 3 in the memory cell array area and logic circuit area. 
2 5 On the surfaces of the active regions, gate oxide films 52 are formed to a thickness of 5 to 
10 nm through thermal oxidation. A first conductive film 53 made of polysilicon is 



deposited to a thickness of 100 to 250 am over the whole surface of the substrate. The 

first conductive film 53 may be made of amorphous silicon instead of polysilicon. 

P ions are implanted into the first conductive film 53 in an n-channel 

MTSFET foiming area and a capacitor forming area in the logic circuit area, for example, 
5 under the conditions of an acceleration energy of 20 keV and a dose of 3 to 6 x 10 15 cm' 2 . P 

and As may be implanted at a total dose of 3 to 6 x 10 15 cm' 2 . Boron (B) ions are 

implanted into the first conductive film 53 in a p -channel MISFET forming area in the 

logic circuit area. Impurities are not necessarily required to be implanted into the first 

conductive film 53 in the p-channel MISFET forming area. The gate electrode of p- 
1 0 channel MISFET is implanted with p-type impurities at the same time when ions are 

implanted for forming source/drain regions. After the above ion implantation processes, 

armealing is performed for activating implanted ions. 

After this annealing for activation, the first conductive film 53 in the 

memory cell area is removed through REE using a mixture gas of Cl 2 and 0 2 . After the 
1 5 first conductive film 53 is patterned, the gate oxide film 52 left on the surface of the 

memory cell area and a natural oxide film formed on the surface of the first conductive 

film 53 are removed by using hydrofluoric acid. 

As shown in Fig. 3B, the surface of the active region in the memory cell 

area is thermally oxidized to form a second gate oxide film 55 having a thickness of 5 to 
20 10 nm. In this case, the surface of the first conductive layer 53 is also oxidized so that a 

capacitor dielectric film 56 having a thickness of 10 to 30 nm can be formed at the same 

time. 

As shown in Fig. 3C, a polysilicon film 60, a tungsten silicide (WSi) film 61, 
and a first SiN film 62 are formed through CVD in this order over the whole surface of 
2 5 the substrate. The polysilicon film 60 is 50 to 100 nm in thickness and doped with P to 
impart an n-type conductivity. The WSi film 6 1 and first SiN film 62 have both a 



thickness of 100 to 200 nm. 

As shown in Fig. 3D, three layers from the first SiN film. 62 to the 
polysilicon layer 60 are patterned to leave word lines 65 in the memory cell area and a 
cap acitor upper electrode 66 in the capacitor forming area in the logic circuit area. The 
5 word line 65 and capacitor upper electrode 66 have both a three-layer structure 

constituted of the polysilicon film 60, WSi film 6 1, and first SiN film 62. The first SiN 
film 62 is etched through RTE using a mixture gas of CH 4 , CHF 3) and Ar, the WSi film 6 1 
is etched through REE using a mixture gas of Cl^ and O a , and the polysilicon film 60 is 
etched through RTE using a mixture gas of Cl 2 and 0 2 . 

10 By using the word fines 65 as a mask, P ions are implanted in the memory 

cell area under the conditions of an acceleration energy of 10 to 30 keV and a dose of 2 to 
5 x 10 13 cm" 2 . Source/drain regions 67 are therefore formed on both side of the word line 
65 in the memory cell area. 

Side wall insulating films 68 made of SiN are formed on the side walls of 

1 5 the word line 65 and capacitor upper electrode 66. The side wall insulating film 68 is 
formed by depositing an SiN film over the whole surface of the substrate and 
anisotropically etching this film. This anisotropic etching is performed through RTE 
using a mixture gas of CF 4 , CHF 3 , and Ar. In this case, the capacitor dielectric film 56 
on the first conductive film 53 iniihe area where the upper capacitor electrode 66 is not 

2 0 formed, is also removed and the upper surface of the first conductive film 53 is exposed. 

As shown in Fig. 3E, the first conductive film 53 is patterned to leave a 
lower capacitor electrode 53a in an area inclusive of the upper capacitor electrode 66 as 
viewed along a direction normal to the substrate surface and to leave a gate electrode 53b 
in the n -channel MISFET forming area in the logic circuit area. Although not shown in 

2 5 Fig. 3E, the gate electrode is also left in the p-channel MISFET forming area. The first 
conductive film 53 is etched through RTE using a mixture gas of Cl 2 and 0 2 . In some 
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case, the side wall insulating film 68 on the side wall of the first conductive film 53 is left 
without being removed. In such a case, when the first conductive film 53 is etched, the 
boarder area of the first conductive film 53 is covered with a mask pattern to positively 
leave the first conductive film 53 under the mask pattern. 
5 By using the gate electrode 53b as a mask, As ions are implanted in the n- 

channel MISFET forming area in the logic circuit area for forming low concentration 
regions of an LDD structure. The ion implantation conditions are an acceleration 
energy of 5 to 15 keV and a dose of 1 to 10 x 10 13 cm" 2 . Similarly, B ions are implanted in 
the p -channel MISFET fonning area under the ion implantation conditions of an .~ 
'10 acceleration energy of 5 to 15 keV and a dose of 1 to 10 x 10 13 cm" 2 . 
; An Si0 2 film is deposited over the whole surface of the substrate and 

anisotropically etched to leave side wall insulating films 70b on the side walls of the gate 
electrode 53a. At this time, side wall insulating films 70a are left on the side walls of the 
lower capacitor electrode 53a, and side wall insulating films 70d are left on the slanted 

1 5 surfaces of the side wall insulating films 68. In the memory cell area, sp aces between 
word lines 65 are embedded with embedding insulating members 70c. 

By using the gate electrode 53b and side wall insulating films 70b as a 
mask, As ions are implanted in the n-channel MISFET forming area in the logic circuit 
area for forming high concentration regions of the LDD structure. The ion implantation 

2 0 conditions are an acceleration energy of 30 to 40 keV and a dose of 2 to 4 x 10 15 cm" 2 . 
Similarly, B ions are implanted in the p-channel MISFET forming area (not shown) 
under the ion implantation conditions of an acceleration energy of 5 to 15 keV and a dose 
of 2 to 4 x 10 15 cm' 2 . After the ion implantations, annealing for activation is performed to 
thus form source/drain regions 71 of the LDD structure. 

25 As shown in Fig. 3F, CoSi 2 firms 72 are formed on the upper surfaces of the 

source/drain regions 7 1 and gate electrode 53b of MISFET in the logic circuit area. The 



CoSi 2 film 72 is formed by a process similar to the process of forming the CoSi 2 film 15 of 
the first embodiment described with reference to Fig. IE. During this process, since the 
surfaces of the sourceAIrain regions 67 in the memory ceE area are covered with the 
embedding insulating members 70c, the CoSi 2 film is not formed on the surfaces of the 
source/drain regions 67. 

By performing processes similar to those of the first embodiment shown in 
Fig. IF and following figures, DRAM mixed with logic circuits and containing a capacitor 
is formed, the capacitor being constituted of the lower capacitor electrode 53a, capacitor 
dielectric film 56, and upper capacitor electrode 66. 

Similar to the first embodiment, also in the second embodiment, a metal 
suicide film can be formed only in the logic circuit area without foxming it in the logic 
circuit area. In the second embodiment, the upper capacitor electrode 66 is formed by 
the same process as that for the word lines 65 in the memory cell area, and the lower 
capacitor electrode 53a is formed by the same process as that for the gate electrode 53b in 
the logic circuit area. Therefore, a capacitor having a lamination structure of a 
polysilicon film / an Si0 2 film / a polysilicon film can be formed by suppressing an increase 
in the number of manufacture processes as much as possible. 

Further, as shown in Fig. 3F, the top and side surfaces of the word line 65 
are covered with the side wall insulating films 68 made of SiN and first SiN film 62. 
These side wall insulating films 68 and first SiN film 62 function as the protective films 
for the WSi film 61 and polysilicon film 60 if the contact hole 19 shown in Fig. IF and the 
contact hole 24 shown in Fig. 1G are formed under the conditions that SiN is not 
substantially etched. It is therefore possible to form the contact holes 19 and 24 in a 
self-alignment manner. 

Still further, since the side wall insulating films 70b on the side walls of the 
gate electrode 53b in the logic circuit area are made of Si0 2 , it is possible to enhance a hot 



carrier resistance of JVHSFET and reduce parasitic capacitance more than the case where 
the side wall insulating films are made of SiN. Since the side wall insulating films 70b 
are formed by a process different from the process of forming the side wall insulating 
films 68 in the memory cell area, it is possible to set the thickness of the side wall 
5 insulating film 70b to a value most suitable for suppressing the short channel effects. 

Next, with reference to Figs. 4A to 4F, the third embodiment will be 
described. In each drawing, the right side of a cut portion shows a memory cell area, 
and the left side shows a logic circuit area. 

Fig. 4A corresponds to Fig. 1C of the first embodiment. A different point 
1 0 from the first embodiment is that an upper Si0 2 film 80 of about 100 nm thickness is 
formed on the word line 8a. Processes up to the process illustrated in Fig. 4A will be 
described by paying attention to processes different from those up to Fig. 1C. 

On the substrate formed with element separation structures 2, a 
polysrhcon film and an Si0 2 film are deposited, and the Si0 2 film in the logic circuit is 
1 5 removed. Similar to the first embodiment, the polysilicon film contains implanted ions. 
After the Si0 2 film in the logic circuit area is removed, the processes similar to the first 
embodiment are performed to form the substrate shown in Fig. 4A 

In the third embodiment, after ions implanted for forming low density 
regions 9b of MISFET in the logic circuit area, ions are implanted for forming 
2 0 source/drain regions 9 a in the memory cell area. 

Processes similar to those up to the process of forming the CoSi 2 film 15 of 
the first embodiment shown in Fig. IE are performed. 

As shown in Fig. 4B, CoSi 2 films 15 are therefore formed on the upper 
surface of the gate electrode 8b in the logic circuit area and on the upper surfaces of high 
2 5 concentration regions 12b of the source/drain regions. The memory cell area is being 
covered with an Si0 2 film which has a thickness of 50 to 120 nm. 

22 



As shown in Fig. 1C, a low temperature Si0 2 film 8 1 is deposited to a 
thickness of 20 to 50 nm over the whole surface of the substrate. The low temperature 
Si0 2 film 8 1 is deposited through CVD at a growth temperature of 700 °C or lower. For 
example, the Si0 2 film 81 is deposited through plasma CVD at a substrate temperature 
5 of about 400 C° . Deposition at a low temperature can prevent the CoSi 2 film 15 from 
being deteriorated by heat. 

As shown in Fig. 4D, the SiO s film 10a and low temperature Si0 2 film 8 1 
are anisotropically etched to leave side wall insulating films 82 on the side walls of the 
lamination structures in the memory cell area each constituted of the word line 8a-and 
10 upper Si0 2 film 80. In this case, the logic circuit area is covered with a resist pattern. 
L The low temperature Si0 2 film 8 1 in the logic circuit area is left unetched. 

An amorphous silicon film doped with P is deposited through CVD to a 
~ thickness of 100 to 200 nm over the whole surface of the substrate. The amorphous 
~ silicon film is patterned to leave pads 83 on the source/drain regions 9a in the memory 
- 1 5 cell area. The pad 83 covers the surface of the source/drain region 9a, the side surfaces 
of the side wall insulating films 82 on both sides of the source/drain region 9a, and partial 
top surfaces of the upper Si0 2 films 80. 

As shown in Fig. 4E, a BPSG film 18 is deposited over the whole surface of 
the substrate, and a contact hole 19 is formed therein. Thereafter, a bit line 20 is formed 
2 0 which contacts the pad 83. These processes are similar to those of the first embodiment 
described with Fig. IF. 

As shown in Fig. 4F, a BPSG film 23 is deposited over the substrate whole 
surface, a contact hole 24 is formed and thereafter a storage electrode 25 is formed. 
These processes are similar to those of the first embodiment described with Fig. 1G. 
25 In the third embodiment, when the contact holes 19 and 24 shown in Figs. 

4E and 4F are formed, the pads 83 are exposed at the bottoms of the contact holes. The 
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source/drain regions 9a are not exposed therefore directly to the etching atmosphere, so 
that any defect in the source/drain regions 9a can be prevented from being formed. It is 
therefore possible to prevent the data storage characteristics of DRAM from being 
deteriorated by defects in the source/drain regions 9a. 
5 In the first to third embodiments described above, MISFET's in the 

memory cell area and logic circuit area are formed generally in parallel. A method of 
forrning DRAM formed with logic circuits is known by which after all constituents up to 
an opposing electrode (e.g., opposing electrode 29 shown in Fig. 1H) are formed in the 
memory cell area, source/drain regions of MISFET in the logic circuit area are formed. 
r 1 0 A problem associated with this method is how a bit line in the memory cell area is 
J electrically connected to a wiring pattern in the logic circuit area. Fourth and fifth 
embodiments to be described hereinafter feature in this connection structure. 

With reference to Figs. 5A and 5B, the fourth embodiment will be described. 
Figs. 5A and 5B are cross sectional views of the boundary areas between the memory 
* . 1 5 cell area and logic circuit area. 

As shown in Fig. 5A, formed in the memory cell area (approximately a 
right half area of Fig. 5A) of a silicon substrate 90 are MISFET's 91, word lines 92, an 
interlayer insulating film 98, a bit line 93, an interlayer insulating film 99, storage 
electrodes 94, capacitor dielectric films 95, and an opposing electrode 96. This 
2 0 configuration can be formed by processes similar to those shown in Figs. 1A to 1H. 
However, in the logic circuit area, only gate electrodes are formed, and the ion 
implantation for high concentration regions 12b of source/drain regions shown in Fig. ID 
and the formation of the CoSi 2 15 shown in Fig. IE are not performed. In the logic 
circuit area, a gate electrode 100 and side wall insulating films 101 on the side walls of 
25 the gate electrode 100 are formed. The interlayer insulating films 98 and 00 and 
opposing electrode 96 are also formed in the logic circuit area. 
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A resist pattern 97 is formed covering the surface of the opposing- electrode 
96 in the memory cell area. The boarder of the resist pattern protrudes toward the logic 
circuit area by about 0.2 um from the front end of the bit line 93. By using the resist 
pattern 97 as a mask, the opposing electrode 96 deposited in the logic circuit is removed. 

The opposing electrode 96 is removed thorough isotropic etching using chlorine 
containing gas. 

The opposing electrode 96 is also side-etched and the boarder thereof 
retracts from the boarder of the resist pattern 97. The depth of side-etch is set to about 1 
to 1.5 urn. Namely, the border of the opposing electrode 96 retracts from the front end of 
the bit line 93 by about 0.8 to 1.3 um. 

After the opposing electrode 96 is removed, the interlayer insulating films 
99 and 98 in the logic circuit area are removed by using the resist pattern 97 as a mask. 
The interlayer insulating films 99 and 98 are removed through anisotropic ETE. In 
order to stop anisotropic RTE etching with good reproductivity, the surfaces of the gate 
electrode 100, side wall insulating films 101, and silicon substrate 90 may be covered with 
a thin SiN film. If this thin SiN film is used, it is removed after the interlayer insulating 
films 99 and 98 are removed. 

P ions are implanted in the logic circuit area by using as a mask the gate 
electrode 100 and side wall insulating films 101. The ion implantation conditions are 
the same as those used for forming the high concentration regions 12b of the first 
embodiment shown in Fig. ID. After this ion implantation, the resist pattern 97 is 
removed. 

As shown in Fig. 5B, an interlayer insulating film 105 of BPSG is deposited 
over the substrate whole surface, and the surface thereof is planarized through CMP. A 
contact hole 106 is formed thorough the interlayer insulating films 105 and 99 to expose 
the partial top surface of the bit line 93. The contact hole 106 is formed at the position 



away from the boarder of the opposing electrode 96 toward the logic circuit area. Since 
the boarder of the opposing electrode 96 retracts by about 0.8 to 1.3 um from the front end 
of the bit line 93, the contact hole 106 can be formed without being in contact with the 
opposing electrode 93. In the logic circuit area, a wiring pattern 107 is formed on the 
5 interlayer insulating film 105 . This wiring pattern 107 is connected via the contact hole 
106 to the bit line 93. 

In the fourth embodiment, the boarder of the opposing electrode 96 is 
defined by side-etch, and a dedicated photomask for defining the boarder of the opposing 
electrode 96 is not used Namely, the boarder of the opposing electrode 96 can be — 

- 1 0 defined by using only the resist pattern which defines the boarder line between the 

1 memory cell area and logic circuit area. 

-~ Next, with reference to Figs. 6A and 6B, the fifth embodiment will be 

described. As shown in Fig. 6A, the memory cell area of a silicon substrate 90 has a 
DRAM circuit formed therein. The structure of the DRAM circuit is the same as that of 
" 1 5 the fourth embodiment shown in Fig. 5A 

An element separation structure 1 10 defines a boarder between the 
memory cell area and logic circuit area. On the surface of the element separation 
structure 1 10, an interconnect wiring pattern 1 1 1 is formed in correspondence with each 
bit line 93. The interconnect wiring pattern 1 1 1 is formed by the same processes as 
20 those used for a word line 92. Each bit line 93 is connected to the interconnect wiring 
pattern 1 10 via a contact hole formed through an interlayer insulating film 98 at the 
position near the front end of the bit line 93. 

The surface of an opposing electrode 96 in the memory cell area is covered 
with a resist pattern 97. By using this resist pattern 97 as a mask, the opposing 
2 5 electrode 96 and interlayer insulating film 99 in the logic circuit area are removed. A 
partial surface area of the interconnect wiring pattern 1 1 1 is exposed in the logic circuit 



area. The surfaces of the gate electrode 100, side wall insulating films 10 1, and 
interconnect wiring pattern 111 may be covered with an SiN film which is used as an 
etching stopper layer. Similar to the processes of the fourth embodiment shown in Fig. 
5A, P ions are implanted in the logic circuit area. 

As shown in Fig. 6B, an interlayer insulating film 105 of BPSG is deposited 
over the substrate whole surface, and the surface thereof is planarized through CMP. A 
contact hole 106 is formed thorough the interlayer insulating film 105 to expose the 
partial top surface of the interconnect wiring pattern 1 11. The contact hole 106 is formed 
at the position away from the boarder of the opposing electrode 96 toward the logic^eircuit 
area. Since the interconnect wiring pattern 111 extends to the logic circuit area, the 
contact hole 106 can be formed without being in contact with the opposing electrode 93. 

In the logic circuit area, a wiring pattern 107 is formed on the interlayer 
insulating film 105. This wiring pattern 107 is connected via the contact hole 106 to the 
bit line 93. 

In the fifth embodiment, the bit line 93 is connected to the wiring pattern 
107 via the interconnect wiring pattern 111. Therefore, similar to the fourth 
embodiment, the bit line 93 and wiring pattern 107 can be connected with good 
reproductivity by using only the resist pattern 97 which defines the boarder between the 
logic circuit area and memory cell area. 

The present invention has been described in connection with the preferred 
embodiments. The invention is not limited only to the above embodiments. It is 
apparent that various modifications, improvements, combinations, and the like can be 
made by those skilled in the art. 



